Simultaneous measurements of the jugular and right atrial venous pressures were made in 16 patients undergoing cardiac and vascular surgery to see whether the jugular veins were a reliable guide to central venous pressure. It was found that with the chest closed both the external and internal jugular veins on the right side provided a good guide. The vessels on the left side were less consistent but still provided a fair guide. However, when the chest was open all the neck veins became unreliable measures of central venous pressure. Certain practical points in the use of these veins for recording venous pressure are considered.
Although the central venous pressure is best measured by a right atrial catheter, there are many occasions during anaesthesia when the time and effort of inserting a right atrial catheter militate against its use. The possible complications (Adar and Mozes, 1971; Editorial, 1972) are an additional drawback.
It is, however, a reasonably simple procedure to insert into the external or internal jugular vein a short catheter which can easily be attached to a manometer to record the venous pressure at this site. The question then arises as to whether this pressure will provide a working guide to the central venous pressure.
In order to answer this question, simultanepus measurements of internal and external jugular, and right atrial, pressures were made in 16 anaesthetized patients.
METHOD
Fourteen of the patients studied were undergoing cardiac operations and two repair of abdominal aortic aneurysms. After induction of anaesthesia a 16 or 18 gauge catheter (Angiocath; Bard) was inserted into the external or internal jugular veins on each side of the neck. Later, a 16 gauge catheter (E-Z Cath; Abbott) was passed through the left innominnate vein into the right atrium under direct vision. Its position was subsequently confirmed by radiography.
All catheters were connected to the same manometer scale and its zero point was taken from the angle of Louis. Any error in zeroing was therefore common to all three readings. Observations were taken every hour and recorded to the nearest 0.5 cm HjO after flushing the tubing and confirming that a respiratory swing was present. It was noted whether the chest was open or dosed at the time. No readings were recorded during cardiac bypass. Additional readings were taken with the head rotated to the left and to the right in four patients and with a steep head-down tilt in two other patients. Otherwise all the patients were supine. (table I) The values of right jugular, left jugular and external jugular vein pressures were on average significantly higher than the right atrial pressures measured at the same time. There was, however, good correlation between values measured in the neck veins and in the right atrium (figs. I, 2 and 3). This agreement was greater for readings taken from the veins on the right than from those on the left.
RESULTS

Chest closed
Direct comparison between left and right jugular vein pressures show that, on average, left jugular vein pressures exceeded those on the right but not to a statistically significant degree. Correlation between the two was high.
There were not enough readings to make a valid direct comparison between internal jugular and right atrial pressures. However, the differences between simultaneously measured pressures in the external and internal jugular veins were, on average, small and non-significant. Any difference due to the sides of the recordings in this last observation was eliminated by taking half the readings from the left external and right internal jugular veins, and the other half from the right external and left internal jugular veins. It was not practical to record from the external and internal jugular veins on the same side of the neck.
In four patients the head was rotated to the extreme left and then to the extreme right. In one of these cases the left internal jugular pressure rose by 4 cm H 2 O following rotation to the left, and in another the external jugular pressure rose by 2 cm HjO. In neither case did the respiratory swing disappear. No changes were produced by turning the head to the right.
Two patients were put into a steep head-down tilt but the external jugular and right arterial pressures were unaltered by this manoeuvre.
A fairly comprehensive range of venous pressures is covered by these readings. Several of the patients were in cardiac failure and had very high venous pressures.
Chest open (table II).
Pressures measured in the right and left jugular and the external jugular veins were again significantly higher than the corresponding right atrial values. However, in contrast to the closed chest results correlation between the values for the neck veins and right atrium was poor. The scatter was particularly wide on the left side ( fig. 4) , for example at a right atrial pressure of 8 cm H 5 O the corresponding left jugular vein pressures ranged from 9 to 23 cm H 2 O.
Direct comparison between the left and right jugular pressures shows that pressures on the left were significantly higher than those on the right and that correlation between the two was poor.
This difference, due to the side from which the readings were taken, greatly influenced comparison of the external and internal jugular veins. The vessel on the left nearly always gave higher readings than the one on the right, whether it was an external or an internal jugular vein. As these were always measured from opposite sides of the neck a poor degree of correlation resulted. However, an equal number of readings was taken with the left external and right internal as with the right external and left internal jugular veins, and after averaging the results no significant difference emerged between the pressures in the external and internal jugular veins.
DISCUSSION
A review of the literature suggests that the question whether jugular venous pressure is a true guide to central venous pressure is a contentious one. On the one hand, some research workers monitor the jugular venous pressure and call this central venous pressure. Thus Maclean and associates (1965) , in a paper on shock, recorded pressures from the external jugular veins and refer to this as central venous pressure, and Eustace (1970) in a paper comparing central venous pressure with peripheral venous pressure in the arm veins also uses the external jugular veins to record central venous pressure.
On the other hand, authorities such as Sykes (1963) , Hardaway (1968) and Wilson and associates (1962) state that central venous pressure must be recorded from vessels inside the chest because only these are truly representative of right atrial pressure.
Although none of these authors actually compared jugular and right atrial pressures it is dear from first principles that there must be a pressure difference between the neck veins and the right atrium or blood would not flow towards the heart. If this difference is small enough and consistent enough, however, it would be practical to utilize these vessels to record central venous pressure.
Before drawing any conclusions about this, it is interesting to consider on a theoretical basis the factors which are responsible for this pressure difference and its alterations and then to see how these theoretical considerations compare with the observed results. For this purpose the veins must be considered as pipes with a laminar flow of fluid passing through them. Poiseuille's formula then shows that the pressure difference (P) between two points varies directly as the length (L) between the points, the rate of flow (F) and the viscosity of the fluid (JJ), and inversely as the fourth power of the radius (r)
In considering these various factors one can first eliminate the viscosity of the blood, as this will not vary significantly. The flow of blood from the head and neck will vary somewhat and may be responsible for some small changes in the pressure difference. The length of the vessels connecting the neck to the right atrium will not alter much from patient to patient but will be slightly greater from the left side than from the right side of the neck.
Any changes in the radius of the vessels will, however, cause quite large changes in the pressure difference, and factors affecting the radii of the vessels must therefore be considered further.
Vessel size. As one moves peripherally, the radii of the veins decrease and the pressure difference between them and the heart increases. Indeed it has been shown (Jones, 1965 ) that during anaesthesia the wrist vein has a pressure about 7 cm H,O above the right atrial pressure whereas the jugular venous pressure is only 1-2 cm H,0 higher. Normal values of venous pressure at other sites have been measured by Winsor and Burch (1946) in resting patients.
Distensibility.
Veins between the neck and the heart are distensible and it might be expected that the higher the venous pressure, the larger the radii of the vessels and the smaller would be the difference in pressure.
External pressures. The radius of a vein will clearly be affected by external pressures. Muscular movements are the commonest factor producing these, and the movement of the diaphragm is, of course, responsible for the changing pressure in the chest and hence the respiratory swing. Movements of the voluntary muscles would not, however, be expected to occur during anaesthesia and so would not interfere with blood flow in the neck. Similarly, external objects are not normally allowed to press on the neck, and so would not cause venous obstruction at this site.
Opening the chest, however, will cause serious distortion of the anatomy. Not only will large veins be stretched by the act of opening the chest but retractors and swabs may compress them as well. Positional changes of the neck can also theoretically produce stretching and compression of the neck and innominate veins.
Other factors. Points which have led other workers (Shapiro and Bailey, 1968) to dismiss the use of peripheral veins for measuring central venous pressure are the presence of valves, phlebitis and tortuosity. These factors, however, should not be important sources of venous obstruction between the neck and the heart. Veins in this region are not tortuous and are not subject to phlebitis except in rare instances when passage of any form of superior vena caval catheter would be contraindicated. Valves are found at the proximal end of the external and internal jugular veins, especially on the right (Quain, 1899) but these valves should be open during anaesthesia and would in any case not themselves affect the pressure. The factor causing them to close (usually muscular contraction) raises the pressure, rather than the valve closure per se.
It is now necessary to see how these theoretical considerations are borne out by the actual results obtained.
The most dramatic effects were produced by opening the chest. In these cases this was done by a sternal split and clearly led to a distortion of the anatomy. The jugular venous pressures started to rise above the right atrial pressures as soon as the chest was open, and subsequently became a quite unreliable guide to the right atrial pressures. The left side nearly always gave higher readings than the right and it appeared that this was caused by stretching of the left innominate vein. In this connection it is interesting that in one patient with a left-sided superior vena cava readings were higher on the right.
With the chest closed, jugular venous pressure was a much more reliable guide to right atrial pressure. This was so in spite of the fact that most of the readings taken with the chest closed were taken at the end of the operations. The chest had therefore been opened and the anatomical distortions referred to above had taken place. Even closer agreement might be found in patients whose chests had not been opened. Nevertheless, the readings from the right side of the neck show a correlation factor of 0.98 with the right atrial pressures. The results from the left side are, however, rather less consistent and tend to be higher than the rightprobably due both to these distortions and to the longer distance from the left side of the neck. There is a significant pressure difference of 1-2 cm H 2 O when the pressures from these vessels are compared with the right atrial pressures and this must be remembered when using them for central venous pressure recording.
The external jugular veins have a smaller radius than the internal and might therefore be expected to give higher readings but this may be compensated for by the lower flow through them. In the event, the external jugulars show good correlation with both the right atrial and the internal jugular pressures.
The possibility of pressure changes in the jugular veins being brought about by rotating the head was confirmed. Extreme rotation of the head to the left will in some patients produce a rise in pressure in both the external and internal jugular veins on that side.
There is also some evidence to support the theoretical expectation that the pressure difference becomes smaller when the pressures are high and the veins distended. In six of the nine series the regression coefficients indicated that this was the case, while in the remaining three the difference was nearly the same at high and low pressures.
Finally, it is interesting to consider what happens when the patient is tilted head down. In this situation the pressure in the jugular veins will rise above the pressure in the right atrium by the number of centimetres that it lies below the right atrium. This extra pressure will be required to drive the blood uphill to the heart. However, as the heart is used as the zero point this effect is eliminated in the actual reading and there is no increase in the pressure difference between the jugular and right atrial pressure recordings. November 17, 18, 19, 20, 1973 For further information, please contact: JORDAN M. PHILLIPS, M.D.,
